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Table I. Plasma parameters determined under the conditions ¢(0)21 and
qw(a)23. Column data depicted with italic letters do not satisfy these

conditions. The maximum toroidal field strength Bmax at the inboard side
of the torus is fixed to be Bmax=12T, keeping the blanket/shielding thickness
d of 1.4 m. Given parameters as input data are indicated with * marks.

A=3 A=5 A=17

*major radius : Rp(m) 8.7 6.5 9.5 11.5 110
*central safety factor :q(0) 1.0 0.5 1.0 1.8 1.0
surface safety factor :qw(a) 5.35 352 3.44 3.0 275
*elongation ratio :x 2.0 20 1.8 1.7 1.7

plasma volume :V(m3) 2,889 1,205 1,219 1,042 912

total current :1, (MA) 19.8 200 12.3 8.9 92

bootstrap current : I, /I 0.42 027 0.49 0.72 053
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Fig. I Flow chart to determine
plasma parameters for sawtooth
-free plasma.
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Fig. 2 Pulse length as a function of the
major radius for two cases; ITER CDA
design(x=2, fa=10%) and EDA design
(xk=1.6, f=24%). The maximum
field strength of center solenoid coil is
assumed to be 10~13T, shown as lower
and upper limits of pulse length.
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The Mission and Physics Design of TPX*
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The Mission of TPX '
The mission of the Tokamak Physics Experiment (TPX) is to develop the scientifi
basis for an economic, compact, and steady-state tokamak fusion reactor. This will
require the development and demonstration of stable, steady-state tokamak
operating regimes, with high B, high confinement, and high bootstrap fraction.

The size and field required for an ignited tokamak reactor scale roughly as:

a! 147 !B o B

qi B. H

where g* is the cylindrical q at the plasma edge, B* is the RMS volume-average B, and
H is an enhancement factor over standard L-mode confinement scaling. Thus higher
H* (= HB*/B) at moderate q* permits a more compact and/or lower-field reactor.
However at a given economically and technically acceptable neutron wall loading
(e.g., ~3MW/m?), the size and field are also constrained by:

(1+K2)K1/4a1/232 o
q (R/a) Bn
where By* = B*/(1/aB). Thus size and/or field can only be decreased at fixed wall
loading if Bn* is increased. As the size of a reactor is reduced at fixed neutron wall-
loading, the parallel heat flux to the divertor, as measured by P/R, decreases.
Furthermore, if the field or size is reduced, the impact of disruptions, as measured by

(Wigo+ Wiao)/(Rak!/2) or (W + W, )/R, is also strongly ameliorated.
The re&ﬁﬁ-ement for current-drive l;lambﬁver in steady state, at fixed T, scales as:

Po _ (1-fdnbRmes  (1- 9 By

* 2 *\2
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where f,.* « q*(R/a)l/2By; corresponds to an effective bootstrap current fraction.
Thus high values of H* and f* can allow a steady-state fusion reactor with reduced
recirculating power, smaller unit size, and lower field, current, stored energy, and
heat flux, implying lower cost and higher reliability. Qur systems-code studies
indicate that if fj; can be increased from 2.5 to 6 and H from 2 to 3 (at o, =05 0r=
1.0, B*/P = 1.25), then the Cost of Electricity (COE) from a demonstration tokamak
reactor, at fixed unit size, drops by about a factor of two. The minimum unit size of a
reactor at a given COE drops by about a factor of four (e.g., from 2000 MWe to 500
MWe). The combination of reduced COE, reduced unit size, and fully continuous
operation would make the tokamak much more attractive in the world energy
market. For these reasons, the experimental goal of TPX is to use current-profile
control, particle recycling control, and strong plasma shaping to demonstrate stable,
steady-state modes of tokamak reactor operation with high H* and high By*, high







